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(54) Video conferencing terminal 

(57) A video conferencing terminal has a liquid 
crystal display (50) for receiving and displaying 
images from a like terminal (55) and an image 
detection means (60) placed behind the display (50) for 
the detection of images to be transmitted to a like 
terminal (55). An image of the viewer (40) reaches the 
detector (60) through omitted pixels in the liquid 
crystal display after being collected by an optical fibre 
(200) and focused by a lens (180). 
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1 

A VIDEO CONFERENCING TERMINAL 
DESCRIPTION 

5 The invention relates to a video conferencing terminal for use in a video 
conferencing system which facilitates eye contact between user's by 
incorporating an image detection means. 

It is well established practice to use, in a video conferencing system, a 
10 separate video display terminal and camera, or to incorporate the two 
into a single more manageable terminal, to facilitate video and voice 
communication between parties at remote locations. The outputs of such 
terminals, the voice and the image of the user of the terminal, being 
conditioned so as to be in a suitable form for transmission to a like 
15 terminal using an appropriate medium such as Integrated Services Digital 
Network (ISDN) or similar protocol. 

Most video conferencing systems have the video camera mounted above the 
screen. Thus when the users look at the image on the screen, their 

20 image, as recorded by the camera, is one of a person looking downward. A 
complaint about video conferencing is that the participants appear 
depressed because they seem to always have their eyes downcast. In the 
absence of eye contact, video interactions have an unnatural quality 
which is not present in face to face conversations. In desk top 

25 conferencing systems which use conventional personal computer monitors 
and display the video image in a window, the problem is particularly 
apparent. The sought after improved eye contact would allow video 
conferencing users to evaluate more confidently their counterparts, and 
to participate more comfortably in exchanging information. 

30 

IBM Technical Disclosure Bulletin, Vol.35, No. 2, July 1992 discloses a 
scheme to enable desk top video conferencing users to modify their system 
so that eye contact can be established between participants. Two 
mirrors, one half- silvered, are used to translate the apparent location 
35 of a screen image to directly in front of a camera which is capturing the 
user's image. The image can be adjusted in size and position. The 
disadvantage of such a system is the need to fit the apparatus to the 
monitor every time it is required and to subsequently remove it. 

40 According to the present invention there is now provided a video 
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conferencing terminal comprising a liquid crystal display for receiving 
and displaying images from a like terminal and an image detection means 
for the detection of images to be transmitted to a like terminal, 
characterised in that the liquid crystal display screen is light 
5 permeable; the line of sight of the image detection means is collinear 
with a viewing angle of the liquid crystal display screen; the image 
detection means detects light incident on, and transmitted through, the 
face of liquid crystal display screen; and the field of view of the image 
detection means and the viewing field of the liquid crystal display 
10 screen are coincident, 

A video conferencing terminal in accordance with the invention 
advantageously enables the users of the video conferencing system to 
establish eye contact without the need to add on to and subsequently 
15 remove additional apparatus for doing so. 

In many instances the field of view of the image detection means may not 
exactly coincide with the viewing field of the liquid crystal display 
screen. In such circumstances the field of view of the image detection 
20 means and the viewing field of the liquid crystal display screen will be 
only partially coincident. 

Suitably, the field of view of the image detection means and the viewing 
field of the liquid crystal display screen are either partially or wholly 
25 coincident in any particular embodiment of the invention. 

A liquid crystal display is suitable for implementing the present 
invention due the structure and properties of the liquid crystal layer. 
In a liquid crystal display light enters the liquid crystal layer through 
30 a first polariser. The direction of polarisation of the light is rotated 
by the polymers therein. The light emerges from the other side of the 
liquid crystal layer via a second polariser. 

Pixel elements are used to display information, written or pictorial, 
35 within a liquid crystal display screen. In the case of a colour liquid 
crystal display screen, three sub-pixels are required to form one colour 
pixel. Each sub-pixel having red, green and blue colour filters on a 
colour filter array. As each pixel element which is in the line of sight 
of the image detection means is utilised, the amount of light detected by 
40 the image detection means varies. Accordingly, it is necessary to vary 
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the sensitivity of the image detection means to compensate for the 
variation in light. 

In accordance with one specific embodiment of the present invention the 
5 sensitivity of the image detection means is variable and synchronised to 
the state of at least one of the liquid crystal display screen pixels, 
such that the sensitivity of the image detection means is varied as the 
amount of light transmitted through the liquid crystal display screen 
pixel is varied. 

10 

It will be apparent to one skilled in the art that merely because the 
present invention relates to a video conferencing terminal utilising a 
colour liquid crystal display, this does not preclude the possibility of 
another embodiment of the present invention utilising a monochrome liquid 

15 crystal display. Similarly, notwithstanding a specific embodiment of the 
present invention described herein utilising thin film transistor liquid 
crystal display technology, the present invention is not limited to such 
technology. It can equally be implemented utilising other liquid crystal 
display technology, such as super twisted nematic liquid crystal 

20 displays . 



For the purposes of the present invention an image detection means is not 
limited to a photosensitive device. It may be taken to comprise all_or^ 
some of the elements which facilitate— the— detection of the user's image 
by providing an optical path betw een the user and the photosensitive 
device. Consequently, an optical fibre, or plurality thereof, collecting 
light which is incident on, then transmitted through, the face of an 
image display means and focused, via a lens, on t o^a—C hja roe ^cjp.unle d»de Vid'ee" ^ 
is deemed to constitute, for the purposes of this invention, an "image 
30 detection means'* or parts thereof. 



In accordance with another embodiment of the present invention the image 
detection means comprises an optical series arrangement of at least one 
optical fibre, a light focusing means and a charged coupled device. 

35 

The colour filter array for a thin film transistor liquid crystal display 
can be designed with a number of omitted filters so that an area of the 
colour filter array is transparent. This allows light, incident on the 
face of the liquid crystal display screen, to be transmitted through the 
40 transparent area within the colour filter array where it is detected by 



the image detection means. It has been noted, during human factors 
testing, that the eye is less sensitive to changes in blue luminance over 
a given area than it is to changes in red or green luminance. Therefore 
a limi ted number of blue sub-pixel filter^_m ay be omitted from the colour 
filter array without the user perceiving any substantial detriment in 
picture quality. However, this does not preclude the possibility of 
omitting other filters in addition to or instead of the blue sub-pixels 
filters . 

Accordingly, in a further specific embodiment of the present invention 
there is provided a video conferencing terminal wherein one or more 
filters of the colour filter array are omitted thereby increasing the 
intensity of light propagating through the liquid crystal display screen 
and being detected by the image detection means* 

It will apparent to one skilled in the art that an alternative embodiment 
of the present invention utilising an ^aper-ture ^immediatel y_jjr>_froi^ ^ 
the image detection means may improve the quality of the image detected - 
Suitably, the aperture may be created by not utilising,=^a-|>ixel-_^ 
plurality thereof within th e_JLi_qu id cr ys tal dis play scre en and ali anincL 

t^ ^ima[ge~de't^trion mMns__wi tj^JJi^^ ^^ j^ pjnJiojV^c^ 

rcTeat ed has the further adva ntag e of remaining in focus over the full 
field of view. 

In a particular embodiment of the present invention there is provided a 
video conferencing terminal wherein the area of the liquid crystal 
display screen which would impede, wholly or partially, the field of view 
of the image detection means if utilised to depict an image, is not so 
utilised thereby creating an unobstructed field of view for the image 
detection means. 

In a multi-party conve rsation, it is desirable to have all parties to 
the conversation simultaneously displayed. Such a system is realised if 
the images of the other parties to the conversation are displayed in 
separate video display windows rather than utilising t he wh ole of the 
liquid crystal display screen. In order to establish eye contact between 
users, it is then necessary to translate the appropriate video display 
window, in which the parties' images are depicted, to s,elected~areas-ofL^ 
theJLiqu id cr ysta j. display scr een having an im age detection means. ^ The 
translation is achieved ei ther— unde r— system-con tgQ-l^ni^iindi>r--frh^_^^ 



of the parties to the conversation. Suitably, the user of the video 
conferencing terminal can utilise a conventional window translation means 
such as that in IBM Operating System/2 (IBM and Operating System/2 are 
trademarks of International Business Machines Corporation, Armonk, New 
York, U.S.A.)- 

Therefore, a video conferencing terminal in accordance with a further 
aspect of the invention advantageously comprises a— pluEal i.ty^.Qf^ima.g '^'^*- 
dete^^^neans 7 each image detection means h av-i-nq at^lea st one^ 
corresponding video display window. 

As the user of a video conferencing terminal can on^^^ggjgblisj^^ge^ 
contact with a single party at any one instant in time a^sinple imaae^ 



utilising fewer image detection means than there are video display 
windows. The video display window, containing the image of the party 
with whom the user is conversing, is translated from its current position 
to an area of the liquid crystal display screen having an image detection 
means in the manner described above. 

Appropriately, a video conferencing terminal, as described above, wherein 
an image detection means is shared between a plurality of video display 
windows and further comprising means for translating a video display 
window to a predetermined area of the liquid crystal display screen 
obviates the need for a one to one mapping between an image detection 
means and a video display window. 

It will be apparent to one skilled in the art that an improvement in 
picture quality can be achieved if the image detection means is situated 
at or near the edge of a video display window. The state of the pixels 
at „or„near— the«>edae-> Qf_the video displav_windo w is less variable than 
those near the centre. 



In accordance with another aspect of the present invention there is 
provided a video conferencing terminal wherein the image detection means 
is situated at or near the^^edgg^al—a—Vrideo—d-isp-lay— window. 




detection mean s can be shared^ etweei^a p^ira^^\^Q^y^e^^isp^y^ 
M*r?9ows. Consequently a multi-party conversation can be realised 



m 



The present invention may benefit from additional illumination of the 
user thereby increasing the intensity of the light reflected from the 



user on to the liquid crystal display screen. 



Consequently, in another embodiment of the present invention there is 
provided a video conferencing terminal further comprising means for 
. illuminating the field of view of the image detection means . 

Iln many instances it is desirable to have not only the image of the other 
I party to the conversation displayed, but ^g^gr^^P^licaJijpns-sofJ^^ o^r ^ 
I its results simultaneously displayed. This can be achieved if the 
I application and its results operate within a separate video display 
L window. 

Therefore, a video conferencing terminal in accordance with the invention 
may advantageously be utilised for the purposes of communication with 
minimum interference to other applications simultaneously using the 
liquid crystal display screen. 

The invention will now be described, by way of example, with reference to 
the accompanying drawings in which 

Figure 1 illustrates an existing video conferencing system according to 
the prior art. 

Figure 2 illustrates a video conferencing system incorporating a video 
conferencing terminal according to the present invention. ^ 

Figure 3 illustrates a video conferencing terminal according to the 
present invention. 

Figure 4 illustrates the basic structure of a liquid crystal display 
screen which is a suitable video display means for implementing the 
present invention. 

Figures 5 and 6 illustrate a specific embodiment of a video conferencing 
terminal according to the invention. 

Figure 7 illustrates a schematic system diagram of a video conferencing 
terminal according to the present invention. 

In Figure 1 there is shown a video conferencing system according to the 



prior art comprising a pair of video display terminals 20. Each video 
display terminal 20 depicts the image of the other party 40 to the 
conversation. Each video display terminal 20 having a camera 10 or other 
suitable image detection means for the purpose of capturing the image of 
the user 40 of that terminal. Both terminals are connected via a 
communication network 30. The video display terminals 20 utilise the 
communication network 30 for transmitting data to or receiving data from 
the other video display terminal 20. 

In Figure 2 there is shown a video conferencing system according to the 
present invention comprising a liquid crystal display as the video 
display means. «An— ir nagi^ detection means 60 ^is incorporated within the 
liquid crystal display screen of the video conferencing terminal such 
tha t-i-tS"l-ine'~of^] ^i^h t _8.0_iL s normal to the user 40. The output of the 
image detection means 60 is a video signal 70. The video signal 70 after 
encoding by the system is transmitted over a communication network 30 to 
a like terminal 55. The like terminal 55 decodes the information 
received and displays the image of the other party. 

Referring to Figure 3, there is shown schematically the relationship 
between t^e ^^mage-detectioiriiie^ the liquid crystal display screen 

50, the--l-ine-of-sight--8Q:y f the image detection means 60, the viewing 
canglerJiQzpf the liquid crystal display screen 50, the viewing field 100 
of the liquid crystal display screen 50 and |the-- f ilera^of^vi ew^ 90) of the 
fimage je^'ctig n^means^^So Z It can be seen that in order to establish eye 
contact between the users 40 it is essential that the line of sight 80 of 
the image detection means 60 is substantially collinear with the line of 
sight of the user 40. That is, the"line^f "^ dgjTg^SOl of the image 
dejteg ^on_means-a nd the-anqler= at-which— the^user— 40 is viewing the screen 
shQuMr:siib's:tarxt"iariy_form-a-straight That-ang le-is-knoWn as the 

vie.win^gzangle-~l-lQi Th ere^'re'^irii ifijitte ^ 

over the viewing field 100 of the liquid crystal display screen 50. The 
viewing field 100 being the field over which the face of the liquid 
crystal display screen 50 can be observed. The field of view 90 of the 
image detection means 60 is coincident with the viewing field 100 of the 
liquid crystal display screen 50. Tlixs^e^me4;r=y=rai-lows=t^he image 
detection means 60 to capture t jie-UserJ~s-4 Q_^qa ze-norma lJj yL-i.e .^ establish 
ey e~CQntact:Afi-t-h=the-use r^4G-of^ 



The basic structure of a liquid crystal display screen 50 which is 



8 



suitable for implementing the present invention is shown in Figure 4. I. 
will be noted that the "X"s represent omitted blue filters 120 of the 
normal sub-pixel filter 130 arrangement of Red, Green and Blue (RGB). In 
a specific embodiment of the invention, as shown in Figure 4, all of the 
omitted blue filters 120 are contained in a video display window 140 
within which the image of the other party to the conversion will be 
'depicted. It should be noted that for the purposes of the present 
invention other liquid crystal display screen pixel arrangements may be 
suitable. 

In Figure 5 there is shown a cross section of a particular embodiment of 
a video conferencing terminal according to the present invention, 
illustrating the interrelationship between the omitted blue filters 120 
and the other constituents of the video conferencing terminal. The 
liquid crystal display screen 50 comprises a first polariser 150, a 
substrate 155, a liquid crystal layer 165, a colour filter array 160 with 
some of the blue filters omitted 120, a thin film transistor array 170, a 
second substrate 155, a second polariser 150, a diffuser 210 having two 
embedded optical fibres 200, a lens 180 and a ^charae^au pl ed^devic ^^e^. 
Light from the image of the user 40 passes through the first polariser 
150, the substrate 155 and the aperture in the colour filter array 160 
created by the omitted blue filters 120. *The light then propagates 
through the liquid crystal layer 165, the thin film transistor array, the 

4 

second substrate 155 and out through the second polariser 160. The 
optical fibre 200 is the light collecting element of the image detection 
means. The optical fibre 200 guides the light emerging from the second 
polariser 150 through the diffuser 210 to a lens 180. The lens 180 
focuses the light onto ^gLjcha rje_cauDAedKd^ife'e'ldi9.i!)ft 



Referring to Figure 6, there is shown a cut-away perspective view of a 
specific embodiment of a video conferencing terminal according to the 
invention. For the purposes of clarity, an embodiment having only one 
optical fibre 200 is depicted whereas another embodiment of the invention 
may utilise a plurality of optical fibres 200. TheMl^i^fi feWfJgafei hfeaaOMe ^ fj 
the image detection means 60 corresponds to that of the optical fibre 
200. a5he»Spta^ga5^Ef?Pg@S*§Uides light, via a lens 180, to the charge 
coupled device 190. The end of the optical fibre 200 is aligned with the 
aperture created by the omitted blue filters 120. 




The optical fibre 200 is embedded into the diffuser 210 and aligned with 



the omitted blue filter (s) 120 thereby collecting light propagating 
through the liquid crystal display screen 50 from the user 40. The 
diffuser 210 is side-lit on all four sides to reduce the shadowing 
effects of the optical fibre 200. The image from the optical fibre 200 
5 is focused, via a lens 180, onto one or more charge coupled devices 190, 
or other suitable photosensitive devices. 

In Figure 7 there is shown a system diagram for a video conferencing 
terminal according to the present invention comprising a video adapter 
10 230 coupled to the output of the charge coupled device 190. The video 

adapter 230 shares a common bus 280 with a liquid crystal display adapter 
240 and a video aperture adapter 260. The signals from a controller 250, 
liquid crystal display adapter 240 and the video aperture adapter 260 are 
coupled to the thin film transistor array 170 via a multiplexer 270. 

15 

The amount of light reaching ^egyimage^deiteg ^ipniim leiarfsE^^^ controlled 
by the video aperture adapter 260. The video aperture adapter 260 has an 
area of refresh random access memory which can be addressed by the 
system. The control signals from the video aperture adapter 260 to the 
20 liquid crystal display screen 50 are multiplexed with the signals from 
liquid crystal display ij^SS^EI^l^^iiSi^MsSS^ 

If . . . 

j The video signal is processed aSii^ai y^qEOjiDM^fi^gQ^^i^STjiStte Each image 
depicted will comprise manv^s>^lb^5Edggife^^ 

video adapter 230 to produce a smooth windowed video picture. 

The number of pixels displayed will be greater than the number of optical 
fibres 200 embedded into the diffuser 210. 

30 The video image is then coded for transmission to a like terminal 55 over 
an ISDN or other suitable communication network 30. Whereupon, after 
decoding, the video signal 70 is transferred, via the system, to an 
appropriate video display window 140 within the liquid crystal display 
screen 50. It may be necessary to scale the images within the liquid 

35 crystal display screen 50. 

It will be apparent to one skilled in the art that an alternative 
embodiment of the present invention could utilise gg^^^^^^^^^i^Ri 
si^ifetee fK<kor half-silvered mirror incorporated into the front of the image 
40 display means. The beam splitter or half-silvered mirror being coupled 




25 
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to a transparent waveguide leading to the charge couple device or other 
suitable photosensitive device. This arrangement would allow light from 
the liquid crystal display screen to pass through the beam splitter or 
half-silvered mirror in one direction but deflect light incident from the 
5 opposite direction towards an image detection means. 
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CLAIMS 



1. A video conferencing terminal comprising a liquid crystal display 
for receiving and displaying images from a like terminal (55) and an 
image detection means (60) for the detection of images to be transmitted 
to a like terminal (55) characterised in that the liquid crystal display 
screen (50) is light permeable; the line of sight (80) of the image 
detection means (60) is collinear with a viewing angle (110) of the 
liquid crystal display screen (50); the image detection means (60) 
detects light incident on, and transmitted through, the face of liquid 
crystal display screen (50); and the field of view (90) of the image 
detection means (60) and the viewing field (100) of the liquid crystal 
display screen (50) are coincident. 

2. A video conferencing terminal as claimed in claim 1 wherein the 
field of view (90) of the image detection means (60) and the viewing 
field (100) of the liquid crystal display screen (50) are partially 
coincident. 

3. A video conferencing terminal as claimed in claim 1 wherein the 
field of view (90) of the image detection means (60) and the viewing 
field (100) of the liquid crystal display screen (50) are wholly 
coincident. 

4. A video conferencing terminal as claimed in any preceding claim 
wherein the sensitivity of the image detection means (60) is variable and 
synchronised to the state of at least one of the liquid crystal display 
screen pixels, such that the sensitivity of the image detection means 
(60) is varied as the amount of light transmitted through the liquid 
crystal display screen pixels is varied, 

5. A video conferencing terminal as claimed in any preceding claim 
wherein the image detection means (60) comprises an optical series 
arrangement of at least one optical fibre (200), a light focusing means 
(180) and a charge coupled device (190), 

6. A video conferencing terminal as claimed in any preceding claim 
wherein one or more filters of the colour filter array (160) are omitted 
thereby increasing the intensity of light propagating through the liquid 
crystal display screen (50) and being detected by the image detection 




12 

means (60). 

7. A video conferencing terminal as claimed in any preceding claim 
wherein the area of the liquid crystal display screen (50) which would 
5 impede, wholly or partially, the field of view (90) of the image 

detection means (60) if utilised to depict an image, is not so utilised 
thereby creating an unobstructed field of view (90) for the image 
detection means (60), 

10 8. A video conferencing terminal as claimed in any preceding claim 
having a plurality of image detection means (60) ; each image detection 
means (60) having at least one corresponding video display window (140), 

9. A video conferencing terminal as claimed in any preceding claim 
15 wherein an image detection means (60) is shared between a plurality of 
video display windows (140) and further comprising means for translating 
a video display window (140) to a predetermined area of the liquid 
crystal display screen (50), 

20 10. A video conferencing terminal as claimed in any preceding claim 

wherein the image detection means (60) is situated at or near the edge of 
a video display window (140). 

11. A video conferencing terminal as claimed in any preceding claim 
25 further comprising means for illuminating the field of view (90) of the 
image detection means (60) thereby increasing the intensity of the light 
incident on the liquid crystal display screen (50) . 
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